CONVERSION OF GLOBULAR TO ORIENTED
FIBROUS PROTEINS

It was reported recently? that several globular pro-
teins can be changed into a fibrous form by heating
them in the presence of water and subjecting them to
high shear stress. As evidenced by x-ray diffraction,
the converted protein molecules have substantially the
same spatial arrangement as the molecules of the
natural fibrous protein, B-keratin, as it occurs in
feathers and stretched wool and hair. To the list of
globular proteins that can thus be made fibrous in the
molecular sense may now be added gliadin, the mixed
proteins of blood serum? and the globulins of tobacco
and pumpkin seed.?

Conversion from the globular to the fibrous form
has also been effected by soaking protein filaments in
aqueous solutions of various reagents, followed by
stretching, both treatments being carried out at room
temperature.* Ovalbumin, lactoglobulin, casein and
pumpkin seed globulin have been converted from the
globular to the oriented fibrous form in this way.
Ovalbumin has been particularly easy to unfold and
orient. B-keratin diffraction patterns have been given
by ovalbumin filaments stretched at room tempera-
ture after being treated with such aqueous solutions
as the following: 75 per cent. methanol, 75 per cent.
ethanol, 75 per eent. isopropanol, 50 per cent. t-bu-
tanol, saturated benzyl alcohol, 5 per cent. phenol,
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75 per cent. formamide, 50 per eent. urethane, 50
per cent. pyridine, saturated aniline, 75 per ecent.
acetaldehyde, 90 per cent. acctone, saturated methyl
cthyl ketone, 50 per cent. cthylene glycol monoethyl
cther, 75 per cent. dioxane, 10 per cent. chloral hy-
drate, 10 per cent. silver nitrate, saturated cerous
nitrate, 50 per cent. cupric nitrate, 10 per cent. tri-
chloroacetic acid, 25 per cent. sulfuric acid, 20 per
cent. hydrochloric acid, 17 per cent. nitrie acid, 10 per
cent. toluene sulfonic acid and 5 per cent. sodium hy-
droxide. Ovalbumin filaments soaked in acetic anhy-
dride, glacial acetic acid, 98-100 per cent. formic acid,
65 per cent. lithium bromide, 50 per cent. ammonium
thioeyanate, or saturated aqueous solutions of either
urea or guanidine hydrochloride, and then in water
were stretched to give the B-keratin structure.

It should be mentioned that the “egg-white” pat-
tern of Astbury, Dickinson and Bailey,? characterized

" by the 9.8 A reflection on the equator and the 4.7 A
reflection on the meridian, has been obtained also from
chemically treated ovalbumin.!

The concentration of the reagent is not critical, and
the time of soaking required to render the filaments
stretchable ranges from a few minutes to several hours.
For example, filaments soaked in saturated ammonium
thiocyanate for two minutes and then in water for
three minutes were stretched to a draw ratio (ratio of
final to initial length) of 4.9 and gave the B-keratin
pattern. Soaking in saturated aniline did not produce
good stretching characteristies until after about five
hours. Roughly, a draw ratio of five is required to give
good orientation. If internal friction is small, the
high shear required for orientation is not developed
on stretching, and despite a large draw ratio the speci-
men gives only an amorphous diffraction pattern. Con-
versely, if cohesion and internal friction are large, a
draw ratio of only two or three will give good fiber
patterns.  Ordinarily, filaments are most easily



stretehed while moist, but certain ovalbumin prepara-
tions, particularly those treated with phenol solution,
may be stretched readily when air-dry. The phenol-
{reated ovalbumin filaments were also remarkable in
that they exhibited the typieal characteristies® of cold
drawing, that is, on application of tensile stress they
“pecked down” and with continued stretching the
necked-down, oriented section grew at the expense of
the larger, unoriented sections.

Chemical treatment increases the degree of ordering
of the peptide chains. Strong diffraction rings at
approximately 4.7 and 9.8 A sharpen, and fainter rings
are resolved from diffuse halos.® As many as five
diffraction rings have been obtained from ovalbumin
treated with aqueous methanol, formamide or urethane.
The rings from the formamide-treated ovalbumin oe-
curred at 107, 4.7, 3.7, 22 and 2.0 A. As a rule,
preparations showing the largest number of dif-
fraction rings and the sharpest rings were most easily
oriented and gave fiber patterns containing the greatest
detail. The nine forms found in the fiber pattern of
B-keratin and heated ovalbumin® have been found also
in chemically treated ovalbumin. The chemicals used
were by no means equally effective in converting the
globular protein to the fibrous form. However, the
degree of crystallinity and orientation produced by
treatment with aqueous formamide, urethane or ali-
phatic alcohols was at least equal to that obtained after
heat treatment. Judging from the sharpness and
length of the diffraction ares, the best of the converted
protein preparations were equal to the natural fiber,



Filaments of the more soluble proteins were pre-
pared by mixing the powdered material with approxi-
mately half its weight of water and extruding the
mixture through a die in an arbor press. One per cent.
of sodium chloride was added to the mixture of pump-
kin seed globulin and water to make it readily extrud-
able. Casein filaments were extruded from a briefly
heated casein-water mixture. This heating produced
no detectable change in the x-ray diffraction pattern.
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